Abstract This study examines the three-way linkage relationships between CO 2 emission, energy consumption and economic growth in Malaysia, covering the 1975Malaysia, covering the -2015 period. An autoregressive distributed lag approach was employed to achieve the objective of the study and gauged by dynamic ordinary least squares. Additionally, vector error correction model, variance decompositions and impulse response functions were employed to further examine the relationship between the interest variables. The findings show that economic growth is neither influenced by energy consumption nor by CO 2 emission. Energy consumption is revealed to be an increasing function of CO 2 emission. Whereas, CO 2 emission positively and significantly depends on energy consumption and economic growth. This implies that CO 2 emission increases with an increase in both energy consumption and economic growth. Conclusively, the main drivers of CO 2 emission in Malaysia are proven to be energy consumption and economic growth. Therefore, renewable energy sources ought to be considered by policy makers to curb emission from the current non-renewable sources. Wind and biomass can be explored as they are viable sources. Energy efficiency and savings should equally be emphasised and encouraged by policy makers. Lastly, growth-related policies that target emission reduction are also recommended.
Introduction
Global warming and climate change have been a subject of investigation in recent decades, due to the threat they pose to the environment. It is projected that the global temperature may rise from 1.1 to 6.4°C if the current greenhouse gas (GHG) emissions level is maintained (Intergovernmental Panel on Climate Change 2007) . This signals future danger of a rise in sea level from 16.5 to 53.8 cm by the year 2100 if the current trend remains. World Bank (2007) maintained that the main component of greenhouse gases (GHG) is carbon dioxide (CO 2 ), which largely leads to global warming and climate change.
Many literature have investigated the relationship between energy consumption, CO 2 emissions and economic growth in different countries and regions. These investigations were based on various econometric methodologies and mostly relying on environmental Kuznets curve (EKC) hypothesis. However, the results of the studies still remain controversial and ambiguous or mixed. The mixture of the findings can generally be attributed to the sample periods used, variables employed, methodologies used or country/region focused on. Due to the non-consensus and identified weaknesses of methodologies employed by some previous studies, the topic is still opened to further research. This study focuses on Malaysia as a case study. The choice of Malaysia as a case study is motivated based
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on the fact that it is one of the fastest growing developing economies (Saboori et al. 2012) , with an average economic growth rate of 7.7% from the 1970s to 1980s, 5.8% in 1990s and average of 6.5% after 2000. At 2014, the rate of increase was 6.0%, which is far above the global average of 2.5%. This growth rate can be connected with a shift from agriculture to industrial production. The rapid industrialisation witnessed by the country has led to an increase in productive activities, which in turn facilitate greenhouse gas emission, particularly CO 2 emission. To show the enormity of the problem, Saboori et al. (2012) disclosed that in 2007, while the global average of CO 2 emission was 4.63 metric tonnes, Malaysian emission rate was 7.32 metric tonnes, which is quite above the global average. As at 2011, the Malaysian CO 2 emission was 7.9 metric tonnes, as against the world average of 4.9 metric tonnes. The emission has been theoretically linked to energy consumption in most cases. The industrial activities in the country increased the demand for energy. This can be observed through the trend of energy consumption in the country. The consumption of energy, which was 908 kg of oil equivalent per capita in 1981, gradually increased through years to 2799 kg of oil equivalent per capita in 2012.
From the facts and figures presented, it can be observed that CO 2 emissions and energy consumption have continued to increase, while the rate of growth remains high and above the global average. Intuitively, as the economy grows, more energy will be consumed and hence increase emissions level. However, only empirically investigation can confirm or prove otherwise of the assertion. Therefore, the relationship among these three interest variables is empirically investigated in this study.
Since the pioneer study of Kraft and Kraft (1978) , which revealed a one-way causality running from output to energy consumption for the USA, several studies were later conducted with different sample sizes, locations and methodologies to confirm the relationship between these variables. However, the findings were mixed-some upheld the results of Kraft and Kraft (1978) , while others disproved it. Studies such as Saidi and Hammami (2015) , Ajmi et al. (2015) , Inglesi-Lotz et al. (2015) , Fei et al. (2011) , Omri (2013) , Zhang and Da (2015) , Mugableh (2013) , Jalil and Mahmud (2009) , Omri et al. (2014) , Mensah (2014) , Sulaiman (2014) , Tajudeen (2015) , Chindo et al. (2015) , Nasir and Rehman (2011) , Pao and Tsai (2011a) , Ghosh (2010) , Lotfalipour et al. (2010) , Ozturk and Acaravci (2010) , Ang (2008) and WoldeRufael (2010) , have all investigated into the topic and reported mixed results.
The chosen case study, Malaysia, is an interesting developing country to study as the country experiences a significant increase in pollutant emissions and energy consumption in the recent years, which are attributable to rising economic growth. The choice of country specific study is motivated based on the fact that it gives more indepth information about the behaviour of the variables at hand in the chosen country than panel study. The country specific study is also free from aggregation bias problem that is inherent in the panel study.
Despite the existence of the literature on this topic, this study is distinguished from the previous studies in the following ways. The study employed an updated data compared to previous studies in Malaysia. The study analysed the relationship between the variables based on economic growth theory as against most studies that rely on EKC hypothesis. Lastly, the study employed sound methodological framework for single country analysis to achieve the objective in addition to the commonly used causality tests in the existing literature.
The remainder of the paper is structured as follows. Section two presents the literature review. Section three explains the model, data and methodology employed in the study. The results and discussions are presented in section four of this paper. While section five concludes and discusses implications for policy.
Literature review

Survey of empirical literature
As noted earlier most of the studies conducted relied on the framework of environmental Kuznets curve (EKC) to examine the relationship between income, energy consumption and environmental degradation. The EKC hypothesis emanates from the seminar work of Simon Kuznets (1955) , which describes the relationship between income and environmental degradation as inverted U-shaped curve. The EKC assumes that environmental quality will deteriorate first with increasing income or economic development and improve on reaching certain critical point (also known as turning point) and hence forming an inverted U-shaped. Many empirical studies were conducted to test the validity of EKC hypothesis and reported mixed results. The earlier studies on EKC mainly focused on examining the relationship between environmental degradation and economic growth, and proxying environmental degradation with variety of pollutants. For instance, these pollutants include carbon dioxide (CO 2 ) emissions, sulphur dioxide (SO 2 ), carbon monoxide (CO) and nitrogen oxide (N 2 0) (see, Shafik and Bandyopadhyay 1992; Holtz-Eakin and Selden 1995; Selden and Song 1994; Cole et al. 1997; Torras and Boyce 1998) .
Some EKC studies later incorporated energy consumption to examine its impact alongside income on environmental degradation. For instance, a study by Al-Mulali et al. (2015) tested the validity of EKC using dynamic ordinary least squares (DOLS) method in a sample of 93 countries and found the existence of EKC. At the same time, energy consumption and income were found to have positive impact on CO 2 emissions. Similarly, Kais and Sami (2016) applied generalised method of moments (GMM) estimator to sample of 58 countries over the 1990-2012 period and revealed the evidence of EKC hypothesis in all the panels of the sampled countries, while income and energy consumption facilitate CO 2 emissions. Also, some evidence of EKC have been revealed in Turkey, India, Korea and China, after applying autoregressive distributed lag (ARDL) model to a sample of 10 CO 2 emitters from developing countries (Ertugrul et al. 2016) . Other studies that disclosed evidence of EKC hypothesis include Tamazian et al. (2009) and Pao and Tsai (2011b) for BRIC countries over the -2004 periods, respectively, Kasman and Duman (2015 for European Union countries over the 1992-2010 period, and Apergis and Payne (2010) On the other hand, some studies conducted found no evidence of EKC. For instance, Dogan et al. (2015) applied DOLS estimator to a panel of OECD countries and found no evidence of EKC. In similar vein, EKC was found to be invalid in panel of 19 European countries . Equally, Shafik (1994) and Holtz-Eakin and Selden (1995) indicate that environmental degradation monotonically rises with income levels.
In view of the forgoing, several studies conducted produced mixed results and without consensus. This still renders the topic open for further empirical investigation even though the focus of this study is not on EKC. This study does not rely on EKC for theorising, but rather uses economic growth model for its framework. This is one of its features that distinguish it from the bulk of the existing literature. Our study further employs additional econometric methods for robustness checks, which is not so common with the earlier literature on the topic.
Brief overview of Malaysian energy development policies
Malaysia shifted from agricultural based economy to manufacturing or industrial based economy to boost their productive activities for local consumption and export. Before 1970s, agriculture was the mainstay of Malaysia's economy. The sector used to contribute about 50% of the country's GDP (Istikoma and Abdul Rahman 2015) , which slowly decreased to below 10% in 2009 due to industrialization of the economy. This transition to manufacturing based economy comes with huge demand for energy to fuel the productive process. The energy use in the country has been increasing with the increase in production over time.
For instance, the total energy use in the country increased from 2003 petajoules to 2526 petajoules and to 3127.7 petajoules in 2000 , 2005 , respectively (Chua and Oh 2010 . The sources of the energy use in the country were 46.8, 41.3, 2.8 and 9.1% from crude oil and petroleum products, natural gas, hydro and coal, respectively. The Malaysia's transition to manufacturing based economy is a product of three national policy frameworks, which include New Economic Policy 1971 , National development Policy 1991 -2000 , and National Vision Policy 2001 Ever since the introduction of Fifth Fuel Policy, the Malaysia's government began attaching importance to energy efficiency and sustainability in various sectors of the economy. The government started promoting renewable energy sources such as solar, wind, biomass, biofuel, etc., and emphasising on the sustainable development of all energy sources. In line with this objective, the Malaysian government National Green Technology Policy in July 2009 (NGTP 2009) , with the goal of ensuring safer and better environment. This policy aims to achieve that through strengthening of institutions, encouraging application of green technology, public awareness and intensifying research in green technology. The main target sectors include energy, transportation, building and water and waste management. Though significant progress and major improvements have been made, there is still more to be done as fossil fuels still play a lead role in the economy. The significant improvements made include (i) application of green technology in energy supply in energy and partly in industrial sectors, (ii) adoption of green technology in construction, maintenance and demolition of buildings and structures in buildings sector, (iii) application of green technology in water treatment, utilisation and waste management in water and waste management sector and (iv) integration of green technology in the transportation sector by using biofuels. Despite these improvements, the Malaysian economy still relies heavily on fossil fuels, which is the main source of CO 2 emissions.
Model, data and methodology
Model specification and data To achieve the objective of investigating the relationship between energy consumption, CO 2 emission and economic growth in Malaysia, we follow Omri (2013) based on Cobb Douglas production function specified as thus:
Where Y refers to economic growth, A is technological progress, Eis energy consumption,C is CO 2 emissions, K is physical capital, L is labour and e is error term. While χ, γ, α and β, are returns to scale on energy consumption, CO 2 emissions, capital and labour, respectively. To be able to estimate the functional relationship econometrically, the function is transformed into log linear form as follows:
where TO represents trade openness (usually added as a control variable), while, Y,L,K,EN,Care as defined in Eq. 1. ϕ 0 is the intercept and ϕ 1 -ϕ 5 represent parameters of the model. lnis the natural logarithm, εis the error term and t represents time-period. To estimate the possible three-way linkages between energy consumption, CO 2 emissions and economic growth, the following models were specified for each variable of interest, i.e., economic growth, energy consumption and CO 2 emission in Eqs. 3, 4 and 5, respectively.
Through Eq. 3, the impact of energy consumption and CO 2 emissions on economic growth as well as other variables in the model can be examined. Sharma (2010) asserted that an increase in energy consumption increases economic growth. For CO 2 emission, Saboori et al. (2012) maintained that environmental degradation affects the economy negatively. While other variables in the model, labour and capital are theoretical variables, which have been theorised to have an influence on economic growth.
Equation 4 is used to estimate the impact of economic growth and CO 2 emissions on energy consumption. Lotfalipour et al. (2010) stressed that growing economy requires more energy. As such, an increase in economic growth leads to an increase in energy consumption. While CO 2 emission is assumed to rise with an increase in energy consumption (Zhang and Cheng 2009) . For the impact of capital and labour, we follow Lorde et al. (2010) , who included them in their model as determinants of energy consumption.
The impact of economic growth and energy consumption on CO 2 emissions are analysed through Eq. 5. Wang et al. (2011) disclosed that energy consumption increases CO 2 emissions. Economic growth as hypothesised by environmental Kuznets curve is directly associated with CO 2 emissions. A control variable of trade openness is included in the model following Andersson et al. (2009) .
The data on all the variables are sourced from World Development Indicators of World Bank and covers the 1975-2015 period. We proxy economic growth by growth in real GDP. Energy consumption is proxied by energy use in a kilogramme of oil equivalent per capita. Labour is measured by labour force (those between the age of 15 and 60 years). Trade openness is proxied by trade (export + import) as a share of GDP. CO 2 emissions are measured in metric tonnes per capita. While we proxy capital by gross fixed capital formation. The trend of each of the variables over the period under study is plotted and presented in Fig. A1 (in Appendix A) for preliminary checks.
Estimation method
This study employs autoregressive distributed lag (ARDL) approach to cointegration developed by Pesaran et al. (2001) , to achieve the objective of the study, which is to examine the relationship between energy consumption, CO 2 emission and economic growth in Malaysia. There are other available methods with which the objective of study can be achieved. These methods include Engle and Granger (1987) 's cointegration approach (which is residual-based approach), Phillips and Hansen (1990) fully modified OLS approach and Johansen and Juselius (1990)'s cointegration approach (which is maximum likelihood-based approach). However, ARDL approach has more advantages than the aforementioned alternative methods. ARDL has been chosen owing to the following advantages it has over the alternatives. First, ARDL approach can be applied to underlying regressors irrespective of their order of integration, i.e., whether they are I(0), I(1) or mixed. For methods such as Johansen and Juselius (1990) and Engle and Granger (1987) approaches, the variables under consideration must be of the same order of integration. Second, both the shortand long-run coefficients of the independent variables can be obtained simultaneously using ARDL approach. By this feature, it makes it easier to see and differentiate between the short-and long-run impact of the explanatory variables on the dependent variable at the same. Lastly, unlike the alternative approaches which require reasonably large sample size for analysis, ARDL approach can produce consistent and reliable estimates for small sample size, ranging from 30 to 80 observations.
Having justified the choice of the method, our model is therefore specified in unrestricted error correction form, to test for cointegration relationship as follows:
Equations 6, 7 and 8 are estimated using ordinary least squares (OLS) to determine the joint significance of the coefficients of lagged level variables, which entails cointegration.
The null hypotheses of all the three equations imply that longrun relationship does not exist among the variables. While the alternative hypotheses entail the existence of a long-run relationship between the variables. To conclude whether or not cointegration exists, the F-statistics is compared against the upper and lower bounds' critical values of Narayan table. The general rule is that if the F-statistic is higher than the upper bound, the null hypothesis of no cointegration is rejected. This implies that long-run relationship does exist among the variables. On the other hand, if the F-statistic is lower than the lower bound, the null hypothesis of no cointegration is accepted, which means that long-run relationship among the variables does not exist. While if the F-statistic falls in between the upper and the lower bounds, the interpretation is inconclusive.
After the completion of this procedure, the next step is to estimate the long-run coefficients of the ARDL model specified in Eqs. 9, 10 and 11. Subsequently, the short-run coefficients are estimated using Eqs. 12, 13 and 14.
Finally, the study employs some diagnostic tests to assess the reliability and efficiency of the ARDL model. The tests include serial correlation, normality, functional form, heteroscedasticity, the cumulative sum of recursive residuals (CUSUM) and the cumulative sum of squares of recursive residuals (CUSUMSQ).
Dynamic ordinary least squares (DOLS)
As a robustness check for long-run coefficients of the ARDL estimator, we apply dynamic ordinary least squares (DOLS). DOLS is famous for its ability to deal with the problem of endogeneity and small sample bias by using leads and lags. Similarly, DOLS is considered asymptotically efficient. Also, one of its primary advantages is that it takes care of the mixture of the order of integration in the cointegrated framework. It is equally robust to the problem of serial correlation in a model.
Vector error correction model (VECM), variance decomposition and impulse response function
After analysing both long-and short-run relationships, the direction of causality between the variables (in Eq. 2) is investigated via vector error correction model (VECM). The VECM is a restricted type of vector autoregressive model (VAR), where the restriction is imposed on the long-run relationship between the variables. It is more appropriate and suitable to analyse the causality between the variables if they are integrated of order one, i.e., I(1) and cointegrated (Granger 1969; Shahbaz et al. 2013) . VECM is modelled in a system of error correction model (ECM), which uses all the series endogenously (Shahbaz et al. 2013) , and allows the predicted variable to explain itself both by its lags and lags of other variables, and the error correction term. The VECM equations for this study are modelled as follows: 
where δ 1 -δ 6 represent the adjustment coefficients of the error correction terms, ε 1t -ε 6t are the error terms which are homoscedastic, ECM t − 1 represents the lagged error correction term derived from the long-run association. The significance of the coefficient of the ECM t − 1 based on t test statistic suggests a long-run causality between the variables. ECM t − 1 also indicates the speed of adjustment of convergence from short-run to long-run path while the evidence of short-run causality is found by the significant relationship in first differences of the variables. Wald test statistic is used to examine the direction of short-run causality based on the joint significance of the lagged coefficients of the variables. For robustness of the causality directions and magnitude, an innovative accounting approach (IAA)-variance decompositions(VDs) and impulse response functions (IRFs). Equally, VDs and IRFs are important in this case as the causality test is unable to capture relative strength of the causal relationship between variables beyond the sampled period (Shahbaz et al. 2013) . To address this issue in a VAR system, VDs and IRFs are useful. VDs shows the magnitude of the predicted error variance for a variable contributed by innovations in an independent variable over different time-horizons beyond the sampled period. On the other hand, IRFs indicates the reaction in one variable due to shocks in other variables beyond the sampled period. Engle and Granger (1987) maintained that VDs and IRFs produce good results with VAR framework as compared to other traditional approaches.
Results and discussion
Before estimating the main ARDL model, we need to run unit root and cointegration tests. The purpose of conducting unit root test is to identify the order of integration of the variables and ensure that none of the underlined variables is I(2). As any presence of I(2) variable may render ARDL approach invalid while the reason for estimating cointegration test is to check the long-run relationship among the variables. Without long-run relationship among the variables, the methodology (ARDL) cannot be continued. The results of unit root tests are presented in Tables 1 and 2. From Table 1 , the augmented Dickey and Fuller (1981) and Phillips and Perron (1988) unit root test results indicate that except labour (lnL t ), which is I(0), all other variables are found to be I(1). This mixed nature of the order of integration of the variables justifies the suitability of applying ARDL approach. Due to low estimation power of ADF and PP, we have applied Zivot and Andrews (1992) structural break trended unit root test. ADF and PP might not produce efficient estimates in the presence of structural break due to bias, and hence the need for application of Zivot-Andrews unit root test. Table 2 displays the results of Zivot-Andrews unit root test, which indicates that all the variables have unit root in their level form but become stationary when differenced. This suggests that all the variables are stationary but in their first difference form, i.e., I(1). These results also suit the applicability of ARDL bounds approach to cointegration.
Having verified the order of integration, variables' descriptive statistics and correlation matrix were generated and reported in Table 3 . The descriptive statistics show the summary statistics for all the variables. From the statistics, Jarque-Bera indicates that all the variables have a normal distribution. On the other hand, the correlation matrix reveals that there is the absence of multicollinearity between the explanatory variables as no strong correlation is detected. Strong correlation only exists between dependent and independent variables, which is theoretically justifiable. Next, optimal lags for Eqs. 6, 7 and 8 were detected based on Akaike information Criterion (AIC), which is considered good and efficient for a small sample. The results of the optimal lag selection are presented in Table 4 . The results as shown by AIC suggest lag 2, 1 and 4 as optimal for Eqs. 6, 7 and 8, respectively. For robustness, Schwarz Information criterion (SBC) equally reveals similar lags as the optimum lags for the analysis.
After knowing the order of integration of the variables, their statistical properties, and the optimal lags for the equations, long-run relationships were tested using ARDL bounds approach to cointegration. The cointegration test results are reported in suggests that there exist long-run relationship among the variables of interest. Similarly, for CO 2 model, the cointegration relationship exists at 5% significance level with F-statistic as 5.32, which is above the upper bound of the critical values tabulated by both Narayan (2005) and Turner (2006) . In other words, a long-run relationship exists among the variables.
Having justified the long-run relationship among the variables, the main ARDL models are estimated and reported in Tables 6, 7 and 8 for economic growth, energy and CO 2 emissions models, respectively. The estimated result of the impact of CO 2 emission and energy consumption on economic growth are presented in Table 6 . The result shows that CO 2 emission and energy consumption are insignificant in influencing economic growth in both long-and short-run. This finding contradicts the result of Ang (2008) for Malaysia, where pollution and energy use are positively related to output while labour and capital variables yield positive and significant coefficients, in accordance with the theory. This finding suggests that economic growth in Malaysia is rather driven by the theoretical variables of labour and capital. The speed of adjustment of the model's convergence to equilibrium is 69.5%, which indicates a faster convergence. The diagnostic tests conducted on the model reveal that the model is free from serial correlation, heteroscedasticity, misspecification error and instability, as the null hypotheses of these tests cannot be rejected. Also, the CUSUM and CUSUM of squares tests (see Figs. A2 and A3 in Appendix A) indicate that the model is stable. This implies that the model is useful for inference. The result of the robustness checks ran using DOLS corroborates the findings of the ARDL model. lnY is natural logarithm of growth in real GDP per capita (economic growth), lnL is the natural logarithm of labour, lnK is the natural logarithm of capital, lnEN is the natural logarithm of energy consumption, lnC is the natural logarithm of CO 2 emission and lnTO is the natural logarithm of trade openness *, ** are significant levels at 1 and 5%, respectively
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The estimated result of the impact of CO 2 emission and economic growth on energy consumption is presented in Table 7 . The results reveal that energy consumption increases with an increase in CO 2 emission and that economic growth is The optimal lag for each model was suggested by Akaike information criterion (AIC), Schwarz information criterion (SIC) and Hannan-Quinn information criterion (HQ). lnY is natural logarithm of real GDP per capita (economic growth), lnL is the natural logarithm of labour, lnK is the natural logarithm of capital, lnEN is the natural logarithm of energy consumption, lnC is the natural logarithm of CO 2 emission, and lnTO is the natural logarithm of trade openness insignificant in explaining energy consumption in the country, in both long-and short-run. This result opposes the result obtained by Ang (2007) in the case of France where economic growth has found to be the driver of energy consumption. The model exhibits 67.2% speed of adjustment for variables' convergence to equilibrium. The model passed all the diagnostic tests but normality. Also, the CUSUM and CUSUM of squares tests (see Figs. A4 and A5 in Appendix A) show that the model is fairly stable. However, the model can still be adjudged to be reliable having passed the majority of the diagnostic tests conducted. The DOLS, as robustness checks, substantiates the findings of the ARDL model. Table 8 contains the result of the estimated impact of economic growth and energy consumption on CO 2 emissions.
The result reveals that CO 2 emission increases with increase in both economic growth and energy consumption in the long run. The result is supported by Ang (2007) , where pollution is facilitated by energy use in France. Equally, the result substantiates the result of Ohlan (2015) for India. However, CO 2 emission is not explained by these variables in the short-run. Trade openness enters with positive and significant coefficient in both long-and short-run. This indicates that trade openness is a driver of CO 2 emission in both long-and short-run. It suggests that Malaysia's production of export commodities promote release of CO 2 emission. In other words, the Malaysia's firms that are into production of export commodities are reliant on fossil fuels, which are highly polluting. The speed of adjustment of the variables' convergence to equilibrium is 26.2%. The model passed all the diagnostic tests conducted as we failed to reject the null hypotheses of the tests. Also, the CUSUM and CUSUM of squares tests (see Figs. A6 and A7 in Appendix A) indicate that the model is stable. The lnY is natural logarithm of real GDP per capita (economic growth), lnL is the natural logarithm of labour, lnK is the natural logarithm of capital, lnEN is the natural logarithm of energy consumption, lnC is the natural logarithm of CO 2 emission, and lnTO is the natural logarithm of trade openness. Parentheses under ARDL and DOLS are t statistics. Whereas the parentheses under diagnostic tests are p values A Breusch-Godfrey serial correlation LM test, B Breusch-Pagan-Godfrey heteroskedasticity test, C normality test based on Jarque-Bera statistic, D Ramsey RESET test *, ** are significant levels at 1 and 5%, respectively
Environ Sci Pollut Res (2017) 24:25204-25220DOLS model's result validates the finding of ARDL model, which shows the robustness of the estimates. Next, causal link between the variables was examined using VECM Granger causality procedure in VAR system. The presence of cointegration in a model suggests the existence of a causal relation in at least one direction (Islam et al. 2013) . VECM requires the series to be integrated of order one before its application. Consistent with the findings of our Zivot-Andrews unit root test results (refer to Table 2), which suggests that all the variables are stationary after firstdifferencing, we straight-away performed Johansen and Juselius (1990) cointegration test (J-J test). The J-J test results presented in Table 9 indicates that there are four and five cointegrating relationships at 5% significant level suggested by Trace and Max-Eigen statistics, respectively. This suggests that there exists strong long-run relationship among the variables. Before estimating the long-and short-run causality, the reliability of the specified VECM model was assessed via serial correlation test considering its time series nature. The results of the serial correlation test as presented in Table B1 (in Appendix B) reveal the absence of serial correlation in all the residuals of the equations in the VAR system. We then estimated short-and long-run VECM Granger causality and reported its results in Table 10 . The results reveal that there is long-run causality running from labour, capital, energy consumption, CO 2 emissions and trade openness to economic growth. While in the short-run, there is a bi-directional causality between economic growth and labour. Also, there is a short-run unidirectional causality running from capital and energy consumption to labour and from economic growth to capital. Similarly, there is a short-run causality running from economic growth, labour, CO 2 emissions and trade openness to energy consumption. The summary of the causality results is contained in Table 11 . Table 12 describes the results of variance decomposition approach based on ten-period horizons. The results indicate 26.553% of the portion of the economic growth is contributed by its shocks. The contribution of energy consumption, CO 2 lnY is natural logarithm of real GDP per capita (economic growth), lnL is the natural logarithm of labour, lnK is the natural logarithm of capital, lnEN is the natural logarithm of energy consumption, lnC is the natural logarithm of CO 2 emission, and lnTO is the natural logarithm of trade openness. Parentheses under ARDL and DOLS are t statistics. Whereas the parentheses under diagnostic tests are p values A Breusch-Godfrey serial correlation LM test, B Breusch-Pagan-Godfrey heteroskedasticity test, C normality test based on Jarque-Bera statistic, D Ramsey RESET test *, **, *** denote significant level at 1, 5 and 10%, respectively .707 and 0.416% portions of energy consumption, respectively, due to one standard deviation shock in each of them. Whereas 13.297% portion of energy consumption is explained by its own shock. One standard deviation respective shock in economic growth, energy consumption, capital, labour and trade openness explain 11.332, 14.240, 13.133, 28.285 and 0.692% portions of CO 2 emissions, and the rest is explained by its own shock. Equally, 25.505, 12.561, 36.747, 17 .573 and 5.377% shares of capital are explained by a respective shock in economic growth, energy consumption, CO 2 emissions, labour and trade openness. On the other hand, the remaining share of capital is explained by one standard deviation shock in itself. A one standard deviation shock in labour explains itself by 23.147%. The respective remaining portions of labour explained by economic growth, energy consumption, CO 2 emissions, capital and trade openness as a result of one standard deviation shock are 9. 392, 19.662, 35.123, 11.361 and 1.312%. Lastly, 9.991, 20.146, 31.086, 14.046 and 23 .909% shares of trade openness are accounted by economic growth, energy consumption, CO2 emissions, capital and labour, respectively, due to one standard deviation in each of them. While the remaining share of trade openness is accounted by its own shock.
Impulse response functions result is depicted in Fig. 1 . The result indicates that economic growth responds positively to energy consumption, CO 2 emissions, labour, and trade openness and negatively to capital over time. However, trade openness has been found to be the main contributor to economic growth. The response of energy consumption to economic growth is negative over time and its response to CO 2 emissions, labour and trade openness is positively trended. On the other hand, energy consumption has an initial negative and a later positive trend due to shock in capital over time. The response of CO 2 emissions to economic growth, energy consumption, labour and trade openness show a positive trend. Whereas, the reaction of CO 2 emissions to capital shows an initial negative and later positive trend. This suggests that in the first few years, an increase in capital will reduce CO 2 emissions and later increase it with years pass by. Capital responds differently to shocks in economic growth, energy consumption, CO 2 emissions, labour and trade openness. Except for economic growth, which labour responds to it negatively, the trend of its response to energy consumption, CO 2 emissions, capital and trade openness entirely show positive. Finally, trade openness indicates a positive trend over time as a response to shocks in economic growth, energy consumption, CO 2 emissions, capital and labour.
Conclusions and implications for policy
This study examined the relationship between energy consumption, CO 2 emission and economic growth in Malaysia using ARDL method, covering the 1975-2014 period. ARDL approach to cointegration was employed. The general findings of the study revealed that economic growth is not influenced by energy consumption and CO 2 emission. Energy consumption is found to be an increasing function of CO 2 emission alone. Whereas CO 2 emission is found to be positively related to economic growth and energy consumption. This implies that the key drivers of CO 2 emission in Malaysia are economic growth and energy consumption. Furthermore, VECM Granger causality test, VDs and IRFs were estimated to further examine the relationships between the interest variables. The results of the VECM Granger causality indicate a long-run causality running from labour, capital, energy consumption, CO 2 emission and trade openness to economic growth. While short-run causality runs from economic growth, CO 2 emission and trade openness to energy consumption. The VDs and IRFs indicate a similar pattern of results, which suggest that trade openness and CO 2 emission facilitate economic growth.
The general results suggest that Malaysia's growing energy consumption and economic growth significantly facilitate CO 2 emission as theoretically postulated. The result makes sense given that the industrial growth being witnessed by the country requires and relies heavily on energy consumption. The industrial sector which contribute significantly to the country's GDP has been fueled by intensive energy use (majorly fossil fuels). The Malaysia's economy somewhat depends on the industrial sector, which by extension depends on energy consumption. As such reducing energy consumption to curb CO 2 emission may marginally decrease economic growth. It could also affect the country's aspiration to become fully industrialised country in line with its vision 2020. Therefore, emphasis should be placed on energy efficiency and energy savings methods. Policy makers should also increase the level of investment in renewable energy sources and adoption of mitigation strategies. Investment in clean renewable energy sources such as wind and biomass can be explored as viable alternatives. Similarly, since economic growth is found to have a significant positive impact on CO 2 emission, economic growth-related policies that target CO 2 emission reduction will be effective in minimising the current rate of CO 2 emission in the country and at the same time achieving a sustained economic growth.
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